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DeyttSe comprises a fuel channel, fuel rods, and spacers to hold the 
rodicDistance between the spacers is denser in the range from the 
centre of the fuel rods and upper than in the lower range. 

US?) - In case loss of coolant occurs in the reactor, overheated fuel 
rod*=£an be cooled more effectively. (3pp Dwg.No 1/4) 
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FUEL ROD ASSEMBLY FOR A BOILING-WATER-TYPE NUCLEAR REACTOR 
[CLAIMS:] 

A fuel rod assembly for a boiling-water type nuclear 
reactor, comprising a channel for nuclear fuel; multiple 
fuel rods arranged in a regular lattice -shaped pattern 
within said channel for nuclear fuel; and multiple spacers 
for maintaining the gap between said multiple fuel rods; and 
characterized in that the mutual gaps between said multiple 
spacers are denser in the center unit of said fuel rods or 
in the area thereabove than in the bottom area unit of said 
fuel rods. 

[DETAILED DESCRIPTION OF THE INVENTION] 
[FIELD OF USE] 

The present invention is related to fuel rod assemblies 
for boiling- water type nuclear reactors, and more 
specifically is related to fuel rod assemblies for boiling- 
water type nuclear reactors that improve safety 
characteristics of the reactor core during accidental loss 
of cooling material. 

[PRIOR ART AND PROBLEMS TO BE RESOLVED] 

The structure of a prior art boiling-water type nuclear 
reactor is shown in figure 3 . 
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Within the figure, core 2 is contained within nuclear 
reactor pressure container 1; a main steam pipe 3 is 
provided on the top unit of said nuclear reactor pressure 
container 1 so as to guide steam that is produced by said 
nuclear reactor pressure container 1 to a steam turbine (not 
shown) . Furthermore, a jet pump 5 is provided on the side of 
core 2 so as to form a cooling material circulation system 
4; cooling water that is placed on the downcomer bottom unit 
6 is supplied into the inlet of jet pump 5 by re-circulation 
pump 7 through re-circulation pump 8. Furthermore, a core 
spray system 9 and a low-pressure infusion system 10, which 
are which are emergency core-cooling systems, are provided 
in the nuclear reactor pressure container; pumps 11 and 12 
are provided so as to supply water to each of these 
emergency core -cooling systems. 

Furthermore, multiple fuel assemblies 21 as shown in 
figure 4 are contained within core 2. These fuel assembles 
21 are arranged such that multiple fuel rods 2 3 are arranged 
in a regular lattice pattern within fuel channel 22, and 
that spacers 26 are provided at roughly equal intervals in 
an axial direction so as to properly maintain the mutual 
gaps between fuel rods 23. 

Furthermore, within figure 4, the cooling material that 
flows into fuel assembly 21 from tie-plate 25 on the bottom 
unit of fuel assembly 21 comes into contact with fuel rods 
23, turns into a dual phase liquid-gas by the heat generated 



by fuel rods 23, and rises, such that it flows out from the 
top unit of upper tie-plate 24. 

Within this boiling-water- type nuclear reactor, in a 
case wherein the cooling material re-circulation system that 
is connected to nuclear reactor pressure container 1 
ruptures, a condition wherein the coolant material is lost, 
a so-called loss of coolant accident, occurs. In the case of 
this kind of loss of coolant accident, the cooling material 
within nuclear reactor pressure container is lost, the 
cooling material flowing into core 2 is greatly reduced, the 
fuel rods are exposed, and the temperature of the fuel 
within fuel rods 2 3 and the cover tubes that cover them 
becomes elevated. 

In actuality, in order to prevent an abnormal 
temperature increase of the fuel and cover tubes, emergency 
reactor cooling systems such as core- sprayer 9 and low- 
pressure infusion system 10 are provided, such that during 
an emergency condition the nuclear reactor can be infused 
with cooling material from these systems, cooling the core, 
setting the temperature of the fuel and the cover tubes at a 
desired temperature or below. However, even in cases wherein 
these emergency core-cooling systems are actuated, the fuel 
rods are exposed by the accompanying lowered water level in 
the nuclear reactor, and there is a continued possibility of 
a temperature rise of the fuel and the cover tubes. In such 
a case, the heat that is dissipated when the fuel is exposed 
is mainly dependent on the rise of the steam flow generated 
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from the core and the lower plenum, but it is thought that 
the heat dissipated by said flow of rising steam will be 
inadequate for the upper units of fuel assemblies exposed 
for a long period of time, and the center units of high- 
output fuel assemblies. 

[AIM OF THE INVENTION] 

The present invention was created based by observing 
said facts, and aims to offer a boiling-water- type nuclear 
reactor that increases safety characteristics of the core 
with regards to loss of coolant accidents. 
[SUMMARY OF THE INVENTION] 
■q That is to say, the present invention is a fuel rod 

£ 3 assembly for a boiling-water type nuclear reactor 

p 

m comprising a channel for nuclear fuel; multiple fuel rods 
Jj arranged in a regular lattice- shaped pattern within said 
* y channel for nuclear fuel; and multiple spacers for 
w maintaining the gap between said multiple fuel rods; and 
P characterized in that the mutual gaps between said multiple 
spacers are denser in the center unit of said fuel rods or 

CO 

in the area thereabove than in the bottom area unit of said 
fuel rods; by means of placing spacers in this way, the 
cooling effect can be increased with regards to the rising 
flow of steam from the fuel rods in cases wherein a loss of 
coolant material is generated in the nuclear reactor, 
improving safety of the nuclear reactor. 
[EMBODIMENT] 
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An embodiment of the present invention will be 
explained based on the figures . 

Figure 1 is a cutaway view of a fuel assembly- 
illustrating an embodiment of the present invention. Within 
the figure, fuel rod assembly 30, just as with the prior art 
fuel assembly of figure 4, has multiple fuel rods 32 
arranged in a regular lattice pattern within fuel channel 
31, and has multiple spacers 3 5 for properly maintaining the 
gaps between fuel rods 32. Furthermore, upper tie-plate 33 
is provided on the top unit of the fuel assembly, and lower 
tie-plate 34 is provided on the bottom unit. However, the 
interval between spacers 3 5 is not regular as in prior art; 
as shown in the diagram, the spacers are placed more densely 
from the center unit of the axial direction to the upper 
unit . 

The effect of providing the spacers so as to be denser 
in the upper unit in this way is that, in the event of a 
loss of cooling material accident in the nuclear reactor, 
the rising flow of steam generated by the reactor core and 
the lower plenum becomes extremely turbulent in the portion 
wherein the spacers are dense, and the fuel rods can be more 
effectively cooled by means of this turbulent steam than in 
prior art. Therefore, the cooling effect within the central 
and upper units of the fuel rods during a condition of 
overheating from loss of coolant is increased, and the 
safety of the reactor core is improved. 



Figure 2 is a graph showing the variation of 
temperature rise over time of the cover tubes after an 
accident. Line (a) shows the present invention, while dotted 
line (b) shows prior art. As can be understood from this 
graph, the present invention does not evidence a raising of 
the temperature of the cover tube as does prior art, and the 
high temperature of the cover tubes begins to decrease a 
short period after the accident. 

[EFFECT OF THE INVENTION] 

As explained above, the fuel rod assembly for a 
boiling-water type nuclear reactor as in the present 
invention can cool overheating fuel rods as generated the a 
case of an accident involving a loss of cooling material in 
the nuclear reactor more effectively than prior art, and 
therefore evidences an excellent effect such that reactor 
safety can be improved. 

[BRIEF DESCRIPTION OF THE FIGURES] 

Figure 1 is a cutaway view of a fuel rod assembly for a 
boiling-water type nuclear reactor as in the present 
invention; figure 2 is a graph showing the variation in 
temperature of the cover tubes with the fuel assembly of 
prior art and the fuel assembly of the present invention. 
Figure 3 is a cutaway of a boiling-water- type nuclear 
reactor; figure 4 is a cutaway view of a fuel rod assembly 
for a boiling-water type nuclear reactor as in prior art. 

30 - Fuel assembly 

31 - Fuel channel 



32 - Fuel rod 

33 - Upper tie-plate 

34 - Bottom tie-plate 

35 - Spacer 
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